Polymerase chain reaction has been used to detect the presence of the virulence associated gene, tcpA and part of the promoter distal region of the toxin-co-regulated pilus cluster in non-O1, non-toxigenic, Vibrio cholerae. The amplified regions were characterised by restriction fragment length polymorphism and heteroduplex motility assay. We describe the nucleotide sequence of the tcpA gene fragment from non-toxigenic vibrios from clinical and environmental sources. The present study shows that there are at least three types of the tcpA gene among V. cholerae and the primers specific for the classical tcpA gene, amplify all biotypes. A sequence similarity in other regions of the toxin-co-regulated pilus cluster is suggested. The evidences for the presence of this cluster among non-toxigenic vibrios is, to our knowledge, reported for the first time. The use of restriction fragment length polymorphism for typing the tcpA and studying the alleles distribution is proposed. z
Introduction
Vibrio cholerae is a polytypic species whose strains have been classi¢ed in serovars O1 and non-O1 or NAGs (non agglutinating group) and biovars (classical and El Tor). Cholera pandemics have been associated exclusively with serovar O1, non-O1 are related at most with outbreaks. However, recently, a large outbreak caused by serovar O139, with the synonym Bengal emerged in India causing epidemic cholera [1] .
The factors promoting V. cholerae adherence to the intestine are not completely understood, but the role of the toxin-co-regulated pilus (TCP) in colonisation by classical, El Tor and Bengal strains is recognised [2^4]. Waldor and Mekalanos [5] , showed that the CTXx, a ¢lamentous phage encoding the structural genes for cholera toxin (CT), does only infect V. cholerae which are expressing the TCP pili. Therefore, the TCP pili play an additional role in the pathway of V. cholerae virulence by acting as the CTXx receptor. Several genes are required for pilus formation and function. These genes are grouped together in a gene cluster called TCP, controlled at the transcriptional level by the ToxTT oxR regulatory pathway [6] . Some of the TCP genes, including tcpA, which encodes the major structural pilus protein, are similar to genes of the type 4 pilins, produced by a variety of pathogenic Gram-negative bacteria [7] . Ogierman et al. [8] , compared the proximal region of the TCP promoter of classical and El Tor strains and found signi¢cant sequence divergence only in the intergenic regions between tcpI and tcpP and tcpH-A. Classical and El Tor strains show important di¡erences in the tcpA gene which is only 77% homologous between these two biotypes, with most of the amino acid changes at the C terminus. The Bengal O139 isolate which, as several analyses suggest, originated from an El Tor strain [9, 10] , carries tcpA with a sequence identical to El Tor isolates [11] . The tcpA expression in classical and El Tor biotypes does not occur under the same experimental conditions [12] , and is subject to complex regulatory mechanisms [13] . Said et al. [14] showed the presence of the tcpA gene in some non-O1 toxigenic strains including O139 strains. Non-O1 non-toxigenic strains are believed to lack the TCP cluster. Here we demonstrate the presence of the tcpA gene and the putative TCP cluster in two non-toxigenic (CT 3 ) non-O1 and non-O139 strains. The nucleotide sequence of the distal region of the TCP promoter and the tcpA gene from these NAGs, are analysed by restriction fragment length polymorphism (RFLP), heteroduplex mobility assay and the major fragment of the tcpA gene from the two CT 3 strains was sequenced.
Materials and methods

Bacterial strains
Non-O1 V. cholerae strains and some classical, El Tor and Bengal strains from our collection were studied (Table 1) .
Primers and PCR ampli¢cation
PCR was performed in order to detect the presence of the following genes: cholera toxin (CT), zonula occludens toxin (ZOT), heat-stable toxin (ST), some genes from the TCP cluster: tcp A, C, D, E and the regulatory genes toxT and toxR. For tcpA ampli¢cation, the primer sequences were those designed by Keasler and Hall [15] for the classical biotype, called A1/A2 producing a fragment of 618 bp. Segments of the ctx, stn, toxR and toxT genes were ampli¢ed by using primer pairs from references [161 8] . Primers for ampli¢cation of the zot gene sequence were: ZA, TAAACCTTGAACGCATAG; and ZB, CGCCCATAGACCACGATA, 840 bp. Primers for tcpC/D: C, CCGTAACGATGAATCCTG; and D, GCGCTTGGTAATCAAGAC, 900 bp. Primers for tcpE/T: E, TAGATGCCCACTCCCTC; and T, TGCTG-ATGCGGTACGTTC, 680 bp.
For all PCR reactions, we used 55³C (as the annealing temperature) and 3 mM MgCl P . An overnight bacterial culture (1 ml) was centrifuged and resuspended in 400 Wl of distilled water which was placed in boiling water for 10 min and then frozen. An aliquot (3 Wl) of this material was added to the ampli¢cation reactions. 
Restriction fragment length polymorphism (RFLP)
Restriction enzyme digestion was performed using products from the PCR. The tcpA fragment was cleaved with AluI and TaqI, tcpC/D with EcoRV and MboI/HindIII and tcpE/T with MboI/HindIII. The products were electrophoresed on 5% polyacrylamide gel (29:1 acrylamide:N,NP-methylenebisacrylamide).
Heteroduplex mobility assay (HMA)
The HMA [19, 20] was used in the analysis of the tcpC/D and tcpE/T gene regions. We analysed heteroduplex formation for each of the speci¢c gene fragments. Hybridisation reactions were performed by mixing, in a 500 Wl thin-walled microcentrifuge tube, 200^300 ng of the same ampli¢ed gene region from two distinct isolates. The classical and El Tor sequences were used as references as their gene sequences are known. Control reactions consisted of mixing the ampli¢ed DNA region with an equal amount of water. An aliquot of 10Uheteroduplex annealing bu¡er (1 M NaCl, 0.1 M Tris pH 7.8, 20 mM EDTA) was added to each tube. Reactions were denatured at 94³C for 4 min, then immediately cooled in an ice bath. The entire reaction volume was loaded on a 1.5-mm-thick, 15-cm-long, 5% acrylamide gel (29:1 acrylamide:N,NP-methylenebisacrylamide) and electrophoresed at 250 V for 3 h. Gels were stained in an ethidium bromide solution.
Zymovar analysis
The multilocus enzyme electrophoresis was carried out as described by Salles and Momen [21] .
2.6. DNA cloning and sequence analysis tcpA PCR was ampli¢ed using the speci¢c primer pair for classical sequence, with BamHI restriction enzyme site at the ends. PCR products were cloned into pUC18 BamHI linearised vector. Recombinant clones containing a tcpA gene fragment from the 151 and 208 strains were sequenced on an automated DNA sequenator (model 373A; Applied Biosystems), using cycle sequencing and dye primer and dye terminator methods. Sequence analyses were performed with the GCG (Genetic Computer Group, University of Winscosin/USA) package of programs.
Results
Gene detection and zymovar determination
In a survey for the presence of virulence associated genes in non-O1, non-O139 V. cholerae strains, we found tcpA and the putative TCP gene cluster in two distinct non-toxigenic, non-O1/non-O139 strains. As this was an unexpected result, further investigation was carried out on these two isolates. One of these strains, 208, was isolated in Thailand from a human and belongs to serovar O27 and zymovar O2. The other isolate, 151, is an environmental sample from Mexico, serovar O34 and zymovar 59. The tcpA ampli¢cation was only obtained using primers speci¢c for the classical biotype [15] . All ampli¢ed regions resulted in a very strong, distinct and size-speci¢c DNA band in the annealing temperature conditions used. The transcriptional regulatory genes toxR and toxT, involved in the activation of several virulence [27] . The single nucleotide di¡erence between strains 151 and 208 at position 559 (GCA) is indicated by Ã. The vertical arrow corresponds to the signal peptidase cleavage site [28] . Primer sequences are underlined. The GenBank accession numbers for the sequences reported in this paper are AF030309 (208) and AF030546 (151). genes in V. cholerae were also detected in these two NAGs isolates (data not shown), but CT, ZOT and ST PCRs were negative (Table 1) .
Restriction analysis of the TCP gene cluster
The ampli¢ed tcpA fragments obtained from these strains, were digested with AluI and TaqI. The restriction pattern of the samples 335 (CT , non-O1, non-O139) and 200 (classical) matched with the restriction map of tcpA from strains of classical biotype, O395 and 569B. The pattern obtained for isolates O1 (Bengal) and 121 (El Tor), is in agreement with the sites observed in El Tor tcpA gene sequence (GenBank accession number U09807). A third and distinct pattern was obtained in the analysis of the strains 208 and 151 (Fig. 1) . In contrast with the sequence diversity in the tcpA gene, the amplicons corresponding to the tcpC/D and tcpE/T genes located in the promoter distal region of TCP cluster, showed conserved restriction patterns among all these samples (data not shown), indicating similarity.
Heteroduplex mobility analysis
In order to investigate a possible polymorphism in the tcpC/D and tcpE/T not detected by RFLP, the corresponding amplicons from the distinct strains were compared by HMA. The HMA technique detects sequence di¡erences between an unknown and a reference sequence. It is particularly interesting for the analysis of the extension of the sequence polymorphism, being more informative in this aspect than RFLP since single-base substitutions are detected. It was not possible to see, in the HMA gel, heteroduplex bands of reduced mobility, compared to that of the homoduplex. Only homoduplex bands, with indistinguishable or similar mobility were observed analysing the tcpC/D and tcpE/T fragments (data not shown).
Cloning and sequencing
The tcpA amplicons of non-O1, non-toxigenic cholera vibrios (151 and 208) were cloned and sequenced. The restriction maps based on the nucleotide sequence of these three tcpA gene alleles were in agreement with the RFLP patterns obtained (Fig. 1) . The following predicted major bands of more than v50 bp were detected after restriction endonuclease treatment with AluI and TaqI: 200/190/110/100 and 589 bp (classical biotype); 280/210/50 and 440/150 bp (El Tor, Bengal) and 399/210 and 324/256 bp (NAGs) Both sequences were identical except for only one di¡erence at the 559 nt position, 151/A and 208/G (Fig. 2) . The nucleotide sequence analysis revealed 76 and 71% nucleotide identity with the same region of classical and El Tor biotype, respectively. The 151 and 208 tcpA sequence di¡erences to El Tor and classical sequences, including transversions and transitions, are mainly located in the region correspond- ing to the C-terminus of its protein (Fig. 2) . Their amino acid sequences are identical and show 81 and 79% identity to the classical and El Tor pilin, respectively (Fig. 3) .
Discussion
The TCP cluster has been recognised as a determinant of virulence factor for V. cholerae O1 and O139 epidemic strains and has not yet been characterised in non-toxigenic V. cholerae strains. Said et al. [14] have detected by PCR the tcpA gene sequence in some toxigenic (CT ) V. cholerae non-O1 strains and suggest that their PCR pro¢les were identical to those of either biotypes El Tor or classical. In this paper, the presence of the TCP cluster was identi¢ed in two distinct non-O1, non-O139 non-toxigenic V. cholerae strains, 151, an environmental isolate from Mexico and 208 from a human in Thailand. Their tcpA have a sequence di¡erent from that of the two other alleles identi¢ed previously in the classical biotype and El Tor or O139 Bengal, all responsible for epidemic cholera [11] .
The high similarity of the tcpA nucleotide sequences found in two NAG strains of distinct serotype, zymovar and RAPD-PCR ¢ngerprints (data not shown), suggest that this sequence can be spread among non-toxigenic vibrios and strongly indicates the existence of a third allele of tcpA among V. cholerae.
Despite the nucleotide and amino acid diversity among the three tcpA, overall, the amino acid sequences are similar to those of the classical phenotypes and pilins [22, 23] . These include positions related to colonisation and auto-agglutination (L4, V9, K121, D129, D146), pilin stability (L4, D149) structure (E158). The residues Cys IPH and Cys IVH , responsible for the disul¢de bridge required for pilin stability are found in the three alleles. An exception is the position E158 associated with auto-agglutination, which is only present in sequences of the classical type.
Here we have presented some preliminary evidence that the tcpC/D and tcpE/T fragments from these NAG isolates do not show any polymorphism when compared with the same regions from classical and El Tor/Bengal biotypes using the RFLP and HMA approaches indicating that at least segments of the promoter-distal region downstream the tcpA gene are conserved among strains carrying any of the three types of tcpA genes. Sequence analysis of this region from the classical biotype has determined the presence of genes whose mostly corresponding proteins having enzymatic activities related to the processing, transport and assembly of TCP [24] . The pilin, like some proteins located on the bacterial surface [25] , is allowed to have a divergence in nucleotide sequence.
TCP has been shown to induce a protective immune response and di¡erences between the biotypes are associated with epitope variation in the pilin having, as a consequence, lack of cross-protection [26] . Bacteria exhibiting a pilin with a variant epitope could have some advantage in the host interaction in areas where cholera has occurred previously.
Recently, Karaolis et al. [27] identi¢ed and characterised a pathogenicity island (VPI) present only in epidemic V. cholerae strains which contains the TCP cluster. Non-toxigenic vibrios harbouring this putative VPI, besides being a reservoir of these horizontally transferred genes, are potential receptors of the cholera toxin phage. They could emerge as new epidemic strains with a di¡erent genetic background.
The possibility of easily determining the tcpA type by RFLP of its amplicon is an important tool for establishing the spread of the di¡erent TCP clusters among Vibrios.
